We determined prevalence of antibody to selected viral pathogens important for domestic pigs and livestock in 556 wild boar (Sus scrofa) sera collected during 2005-06 and 2009-10 in four counties in Croatia. These counties account for an important part of the Croatian commercial pig production and have a high density of wild boars. Samples were tested for antibodies to porcine parvovirus (PPV), Aujeszky's disease virus (ADV), porcine circovirus type 2 (PCV2), swine influenza virus, porcine respiratory and reproductive syndrome virus (PRRSV), porcine respiratory coronavirus (PRCV), transmissible gastroenteritis virus, and swine vesicular disease virus (SVDV). Antibodies to all of the infectious pathogens except SVDV were detected. There was a statistically significant difference in prevalence between the two periods for PPV, ADV, PCV2, PRRSV, and PRCV, with a higher prevalence of PPV and ADV in the 2009-10 period (P,0.05). During the same period, the prevalence of PCV2, PRRSV, and PRCV was lower (P,0.05). Our results provide information on the current disease exposure and health status of wild boars in Croatia and suggest that wild boars may act as a reservoir for several pathogens and a source of infection for domestic pigs and other livestock as well as humans, especially for ADV.
INTRODUCTION
Wild boars (Sus scrofa) are indigenous in many countries in the world and are reservoirs for many important infectious diseases that are transmissible to domestic animals and humans (Meng et al., 2009) . Among the species of wildlife in Croatia, the wild boar is one of the most important biggame species. Wild boars are present in all 21 counties in Croatia, with the highest density in continental Croatia. As in other European countries (Acevedo et al., 2007) , the population density of wild boars in Croatia has increased during the last decade, and, according to the hunting bag (1 April 2009 to 31 March 2010), there are approximately 52,760 wild boars (data from the Hunting Department, Ministry of Regional Development, Forestry and Water Management, unpubl.) . Furthermore, the high number of piglets per litter (7.7) and changes in morphologic features of some wild boar families (Toncic at al., 2006) suggest that wild boars have direct contact with domestic pigs, which would facilitate transmission of pathogens. Consequently, during the past two decades, wild boars have become a focus of serologic surveys.
Although the occurrence of some viral disease agents in wild boars in Croatia has been documented (Zupancic et al., 2000 (Zupancic et al., , 2002 Roic et al., 2005; Lipej et al., 2007) these studies were mostly based on a limited sample size or geographic area. It is important to expand and update this data and, especially, to consider emerging diseases. The counties we investigated are important in the Croatian pig industry and are characterized by a high density of wild boars. Moreover, there are a large number of traditional small pig farms. These ''backyard'' pig operations are potential points for introduction and spread of disease. Geographically, the investigated counties are in regions that border Serbia and Bosnia and Herzegovina where no natural barriers exist; uncontrolled migration of wild boars could increase contact between wildlife and domestic livestock. Our objective was to determine the antibody prevalence of selected viral pathogens in the wild boar populations in continental Croatia during the hunting seasons 2005-06 and 2009-10.
MATERIALS AND METHODS

Study areas and data collection
Serum samples from wild boars were collected during the main hunting seasons (October to April) in 2005-06 (n5359) and in 2009-10 (n5197) in four counties in continental Croatia: Virovitica and Podravina (46u029N, 45u469S, 17u109W, 18u089E) , Osijek and Baranja (45u199 to 45u959S, 17u879 to 19u129E), Sisak and Moslavina (45u149 to 45u699S, 15u759 to 17u219E) and Slavonski Brod and Posavina (45u029 to 45u419S, 17u079 to 18u599E; Fig. 1 and Table 1 ). These counties were selected for their large concentration of commercial pig production and high density of wild boars. The study area represents 22.4% of the surface area of Croatia (56, 594 km 2 ) and is characterized by wooded areas that provide suitable habitat for wild boar. Blood was collected from hunter-killed wild boars by heart puncture immediately after they were shot. Age was determined using tooth eruption patterns (Boitani and Mattei, 1992) , and animals .1 yr were classified as adults. No data were available regarding the sex of these animals. Blood samples were collected into sterile tubes and transferred to the laboratory at the Croatian Veterinary Institute in Zagreb. Blood was clarified by centrifugation (2000 3 G for 10 min), and sera were stored at 220 C prior to examination.
Serology
Sera were analyzed by commercial enzymelinked immunosorbent assays (ELISA) in accordance with the manufacturer's instructions. The results were expressed as positive or negative based on the manufacturer's recommended cutoff value (Table 2) .
Statistical analysis
Statistical analysis was done using SAS/ STAT software, version 9.2 (SAS Institute Inc., Cary, North Carolina, USA). The Breslow-Day-Tarone test was used for testing the homogeneity of antibody prevalence across counties. The Mantel-Haenszel test was applied for testing the association between county and antibody prevalence as well as between the time period and antibody prevalence for each county. The Fisher exact test was used when the sample size was small. Statistical significance was set at P50.05.
RESULTS
Antibodies to all investigated viruses, except for swine vesicular disease virus (SVDV), were detected in the wild boar populations in the investigated counties during one or both hunting seasons (2005-06 and 2009-10; Table 3 ). Antibody prevalence varied among pathogens and areas. The highest antibody prevalence during both periods was detected for porcine parvovirus (PPV; 56.3%, combining counties and seasons), followed by Aujeszky's disease virus (ADV; 38.5%), porcine circovirus type 2 (PCV2; 15.1%), swine influenza virus (SIV; 9.7%), porcine respiratory and reproductive syndrome virus (PRRSV; 6.3%), porcine respiratory coronavirus (PRCV; 0.7%), and transmissible gastroenteritis virus (TGEV; 0.4%).
Statistically significant differences between periods were found for antibody to PPV, ADV, PCV2, PRRSV, and PRCV, with a significantly higher prevalence of antibody to PPV and ADV in 2009-10 than in the earlier period (Table 3 ). In contrast, the prevalence of antibody to PCV2, PRRSV, and PRCV was significantly lower in 2009-10. The higher antibody prevalence to H1N1 in 2009-10 was not statistically significant (P50.242). We found a significantly higher prevalence of antibody to PPV in 2009-10 in all counties and a higher ADV antibody prevalence in three counties. The lower prevalence in 2009-10 was statistically significant for PCV2 in Osijek and Baranja and for PRCV in Sisak and Moslavina counties. Although there was not a significantly higher overall prevalence of H1N1 in 2009-10, the prevalence during the later period was significantly higher in Sisak and Moslavina County.
There was no association between county and antibody prevalence for PPV, ADV, PCV2, H1N1, and PRRSV (P.0.05). A significant difference in prevalence of PPV antibody was found across all counties, regardless of season (P50.002).
DISCUSSION
We documented that wild boars in Croatia have been exposed to several viral pathogens that have relevance to domestic animal and public health. Some of these viruses, such as PPV, PRRSV, and PCV2, have recently caused severe economic losses to Croatia's domestic pig production.
The prevalence (56.3% overall) and geographic distribution of antibodies against PPV in our wild boar population confirms that this viral agent is widespread and its antibody prevalence is higher than for other viruses tested. The antibody prevalence was higher in Osijek and Baranja County, a region characterized by high-density commercial pig production. We also found a higher prevalence of antibody to PPV in all counties during the hunting season 2009-10. Our results generally correspond to previous findings in Croatia and in other European countries (Vengust et al., 2006; Ruiz-Fons et al., 2006) , except Italy, where low prevalence of antibody to PPV was reported (Montagnaro et al., 2010) . The high prevalence of PPV antibody suggests this virus is endemic in our wild boar populations. However, virus transmission between wild boars and domestic pigs could occur in both directions when contact between these two species occurs.
Antibodies to ADV (38.5% overall) were detected in wild boars in all investigated counties. The proportion of wild boars with antibodies to ADV during the 2009-10 hunting season was significantly higher in three counties. All animals tested in this study were .1 yr old, when the risk of exposure to this disease is more likely (Wyckoff et al., 2009 . Moreover, biosecurity at commercial pig farms precludes direct contact between wild boars and commercial pigs, which theoretically eliminates the risk of spreading of the virus. Because of the immense economic importance of ADV in the domestic pig population, Croatia implemented a national pseudorabies eradication program in 2011. However, the existence of ADV antibody-positive wild boars increases the risk of transmission of disease from wild to domestic pigs, especially for ''backyard'' pig production. Wild boars may also represent a potential source of ADV to other wildlife species, livestock, and hunting dogs.
Besides domestic pigs (Jemersic et al., 2004) , PCV2 antibody has been detected in Croatian wild boars (Lipej et al., 2007) . We found PCV2 antibodies (15.1% overall prevalence) in wild boars in all investigated counties. However, we found a significantly lower proportion of antibodypositive boars in 2009-10. Antibody prevalences of 20-48% in other European countries indicate that PCV2 infection is common among wild boar populations in Europe (Ruiz-Fons et al., 2008) . The role of wild boars in PCV2 transmission to domestic pigs is not clear (Meng et al., 2009 ). The prevalence of SIV H1N1 antibodies (9.7% overall) in our study is lower than previously reported (Zupancic et al., 2000) , but comparable to that in other European countries (Kaden et al., 2009; Closa-Sebastia et al., 2011) . There was no evidence of exposure to SIV in wild boars in neighboring Slovenia (Vengust et al., 2006) . Although there was no significant overall increase in prevalence of H1N1 between the two sampling periods, a significant increase was detected in Sisak and Moslavina County (P,0.05). The high proportion of antibody-positive animals in this region is not clear. Our results suggest that SIV infection in wild boars in Croatia is not a serious threat to the domestic pigs.
Worldwide, PRRSV still remains a problem in wild boars (Wyckoff et al., 2009; Montagnaro et al. 2010) . We detected antibodies to PRRSV in about 10% of wild boars sampled during 2005-06; the absence of antibodies in 2009-10 is consistent with a previous study from Croatia (Zupancic et al., 2002) and with results from some European countries (Ruiz-Fons et al., 2006; Vengust et al., 2006) . As PRRSV is present in domestic pig herds in Croatia, a spread of this virus from domestic pigs to wild boars during 2005-06 cannot be excluded. However, it seems that no further transmission occurred. When PRRSV enters the wild boar population, its subsequent spread is limited, probably because the virus is not easily transmitted and direct contact between infected domestic pigs and wildlife is less likely. Our results show that PRRSV infection in wild boars in Croatia is more sporadic, and a low circulation rate of the virus among wild boars suggests no significant influence of PRRSV in this species.
Although information on the prevalence of TGEV and PCRV in European wild boars is limited, evidence of infection has been reported (Vengust et al., 2006; Sedlak et al., 2008; Kaden et al., 2009 ). Our findings of very low prevalence indicate that infection with these viruses is not widespread in Croatian wild boars. This is the first report of TGEV and PRCV infection in wild boars in Croatia.
Our negative findings for SVDV antibodies are comparable to those reported by Vengust et al. (2006) and Sedlak et al. (2008) . There is no previously published information on SVDV antibody prevalence in wild boars in Croatia. Our results indicate that SVDV has not been introduced into wild boars in Croatia.
In summary, we provide evidence of widespread exposure of wild boars in Croatia to PPV, ADV, and PCV2, which has potential economic implications for domestic pigs. In addition, TGEV and PRCV appear to have been introduced into the wild boar population in Croatia during the last 5 yr. It is difficult to conclude which species, wild boars or domestic pigs, has introduced or spread these viruses. To assess the risk of infectious agents in wild boars and their potential transmission to livestock (especially domestic pigs) and humans, additional epidemiologic studies are needed, as is the isolation and molecular characterization of these etiologic agents. 
